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In a Partially Aligned Two Higgs Doublet Model, where only is allowed flavor violation
between third and second generation of fermions, we propose a mechanism to generate
the second Yukawa matrix through a Unitary V-Spin flavor transformation on the mass
matrix for quarks and leptons. Also we assume that this flavor transformation is uni-
versal, this is, we use the same parameters to generate Yukawa matrix elements in both
sectors, reducing drastically the number of free parameters. As consequence we obtained
a serie of relations between Yukawa matrix elements, that we called the Universality Con-
straint. Also, we obtained an interval of values for the second Yukawa matrix elements,
expressed in terms of the Cheng and Sher ansatz, for τ → µµ+µ− and τ → γµ com-
ing from the Universality Constraint and experimental bounds for light scalar masses.
Finally, we show the allowed region of parameters for the flavor transformation from
Bs → µµ decays, B0s − B¯0s mixing, τ → µµ+µ− and τ → γµ experimental bounds.
Keywords: 2HDM; Phenomenology; B mesons; τ decays; Flavor Physics.
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1. Introduction
After the 2012 discovery of the Higgs boson, particle physics entered a new era.
On one hand, the Standard Model (SM) predictions have been confirmed with re-
markable precision, reinforcing its role as the best description of nature up to the
electroweak scale. On the other hand, there are many open questions from the the-
oretical and phenomenological points of view, and some tension in the experimental
measurements related to some rare meson decays. At present, we do not have a
deep understanding of the matter sector of the SM, its familiar multiplicity and
hierarchical couplings, nor can we explain the amount of baryonic asymmetry and
the abundance and nature of dark matter. Beyond the SM, theories with Natural
Flavor Conservation are unable to account for various tensions between the SM and
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Lepton Flavor Violation (LFV), polarization asymmetries, etc. At the same time,
many observables constrain the apparition of Flavor Changing Neutral Currents
(FCNCs), which should be very small.1
An interesting feature of the SM as it stands today is that the mixing structures
of quarks and leptons are notably different: neutrino mixing is very large compared
with quark mixing, where the offline CKM entries are significantly supressed. This
appears to suggest that different mechanisms may account for lepton and quarks
mass generation and mixings. For example, this happens in models that couple the
light and heavy fermions to different Higgs doublets.2 Another interesting possibility
is the existence of Majorana mass terms in the neutrino sector, which would provide
a clear difference between quarks and leptons.3
However, apparently different mixing structures in the leptonic and quark sec-
tors, can be accomodated with the same structure at the price of leaving the fermion
masses unexplained. This is the idea of a universal texture,4,5 where the mass hi-
erarchy is responsible for the nearly maximal neutrino mixing and the suppressed
quark mixing angles. In this scenario, only the mixing is addressed since the lepton
and quark mass hierarchy remains unexplained, although it is possible to implement
such hierarchy with a Froggat-Nielsen mechanism.6 Nonetheless, while representing
only a partial solution, this would still be a step forward.
The present work explores this concept by pitting a version of the universal
texture idea against the significant constraints coming from rare lepton and meson
decays. In a previous work,7 a version of the 2HDM was studied where Yukawa
matrices are almost-aligned in such a way that only a pair of generations at a time
develops FCNC’s. We will refer to this model as the Partially Aligned Two Higgs
Doublet Model (PA-2HDM),8 and focus in an scenario with second and third family
mixing, called the V-spin. In order to implement the universal texture idea, the same
dimensionless parameters are used for the quark and lepton Yukawa couplings, with
scales provided by the fermion masses.
In the following, section 2 lays out the model and the assumptions employed. In
section 3, some rare decays are used to test the viability of the model and we show
our numerical analysis. Afterwards, we present our conclusions in section 4.
2. The V-Spin case of the PA-2HDM and the Universality
Constraint
The starting point of the PA-2HDM is a generic 2HDM that might be seen as a low
energy limit of a model with an underlying flavor dynamics. The Yukawa sector of
the 2HDM has the following form
−LY = Q¯Li
[
Y da,ijΦaDRj + Y
u
a,ijΦ˜aURj
]
+L¯LiY
`
a,ijΦaERj + H.c., (1)
where i, j are flavor indexes and a = 1, 2. QLi = (ULi, DLi) and LLi = (NLi, ELi)
are the fermion SU(2) doublets, and DRj , URj and ERj are the fermion singlets.
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The mass matrix is defined by
Mfij =
1√
2
(
v1Y
f
1,ij + v2Y
f
2,ij
)
, (2)
where f = u, d, ` or e, µ, τ , and v1 and v2 are the vacuum expectation values (VEV)
of each doublet. There are several ways to parameterize flavor violating (FV) cou-
plings. In this work, to ease comparison with the literature, we use (2) to write down
the Feynman rules in terms of the mass matrix Mfij , and Y
f
2,ij for the couplings of
down-type quarks and leptons. Once the mass matrix is diagonal in the mass basis,
the matrix Y f2,ij contains all information of the FV contribution.
We express the Yukawa matrix elements in the Cheng and Sher ansatz,9 but
relaxing the requirement of order-one couplings χf2,ij :
Y f2,ij =
√
mfim
f
j
v
χf2,ij , for f = d, `. (3)
Here, the parameters χf2,ij can take any complex value. Without loss of generality,
we can parameterize these contributions as follows:
χf2,ij =
1√
mfim
f
j
(
Af2LM
fAf2R
)
ij
, (4)
where v2 = v21 + v
2
2 and A
f
2L(R) are SU(3) matrices.
Alignment between the Yukawa couplings10 is one of several ways to constrain
the large number of parameters of the 2HDM-III.11 As it was described before, the
PA-2HDM relaxes the alignment in order to generalize the model while keeping
the free parameters manageable. In this work, we will focus in a version of the
PA-2HDM where only the mixing between the second and the third generation of
quarks and leptons is allowed. We consider this to be the most promising case given
the experimental constraints. For example, the K0− K¯0 mixing is very close to the
SM prediction, and therefore permits a very restricted NP contribution.12 In the
leptonic τ decays and µ decays recently updated upper bounds are given by1,13
Br(µ→ ee+e−) < 1.0× 10−12, (5)
Br(µ→ eγγ) < 1.0× 10−12, (6)
Br(τ → µe+e−) < 1.8× 10−8, (7)
Br(τ → µγ) < 4.4× 10−8, (8)
Br(µ→ eγ) < 4.2× 10−13. (9)
The flavor changing (FC) upper bounds for τ -µ are up to five orders of magnitude
larger than µ-e bounds. If we include the FC processes τ -e, we have bounds similar
to τ -µ. Modulo kinematical effects, the mixing of any generation with the third
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generation prevails over the one that first and second mixing. Now, if we observe
the leptonic decays1
Br(B0s → µµ¯) = (3.0± 0.4)× 10−9, (10)
Br(B0d → µµ¯) = (1.4+1.6−1.4)× 10−10, (11)
the FV process for b− s mixing is one order of magnitude larger than the b−d one.
Since we want to find a common mixing texture for leptons and quarks, this favors
choosing the PA-2HDM version with mixing of the second and third generations.
We call the choice to enforce a universal texture the Universality Constraint(UC).
Having taken observations on the current experimental evidence, and considering
that we are looking for a scenario with light pseudoscalar and scalars, we will from
now on consider the PA-2HDM with χq,`2,1j ' 0 and j = (2, 3), the V-Spin scenario.
In order to analyze the consequences of the UC and its phenomenological via-
bility, we have chosen a set of channels where FCNC and LFV couplings appear
either at tree level (in the case of B0s → µµ¯, B0s − B¯0s physics), or at least at one
and two loops (for τ → µ µ+µ−, τ → γµ). In Table 1, we show the experimental
values for the branching ratios and the SM bounds. The τ channels are promising
since the corresponding SM contribution is extremely small.
Table 1. Channels with Flavor Violation where only couplings of the second
and third generation χq,`2,ij are involved.
Channel SM prediction Exp. Results [1]
BR(τ → γµ) < 10−53 [14, 15] < 4.4× 10−8
BR(τ → µµ+µ−) 6.4× 10−55 [16] < 2.1× 10−8
BR(B0s → µ+µ−) (3.65± 0.23)× 10−9 [17] (3.0± 0.4)× 10−9
∆MB0s
(×10−8MeV)−1 (1.3167± 0.08225) [18] (1.169± 0.0014)
Because we have chosen the V-Spin scenario, as discussed in a previous work,7
channels with FCNC and LFV involving fermions of the first generation do not
get NP contributions. Therefore, the compatibility between the SM predictions and
the experimental data will not be altered. Also, the values for flavor-conserving
parameters χ`,q2,ii are not strongly constrained.
The observations described above are similar to those that sustain the approx-
imations taken long time ago in the context of the 2HDM-III as in reference [19],
or even to ignore the tree level FC coupling in [20], to mention some examples. In
contrast, in this work we assume that the absencet of FC couplings at tree level
involving the first generation of fermions is consequence of an underlying flavor
symmetry in the context of a generic 2HDM.
For the V-Spin texture, we can rewrite the couplings in terms of the parameters
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(cV0 , c
V
3 , c
V ) and the angle θV :
χ˜f2,11 = (c
V
0 )
2, (12)
χ˜f2,22 = (c
V
0 + c
V
3 )
2 +
mf3
mf2
(cV )2, (13)
χ˜f2,33 = (c
V
0 − cV3 )2 +
mf2
mf3
(cV )2, (14)
χ˜f2,23 = c
V eiθV
[√
mf2
mf3
(cV0 + c
V
3 ) +
√
mf3
mf2
(cV0 − cV3 )
]
, (15)
with χ˜f2,13 = χ˜
f
2,12 = 0.
This same structure, with the same values for the cV , cV0 and c
V
3 parameters, is
used for the leptonic and quark sectors.
3. Rare τ decays and FCNC for B0s in the V-Spin texture
3.1. The observables for the V-Spin texture
In the PA-2HDM for the V-Spin case, the only channels with LFV are those that
involve the τ and µ leptons. We will consider the decays of τ leptons that appear in
Table 1 in order to test our hypothesis about the viability of the reduction of free
parameters.
3.1.1. The τ → µγ channel
For τ → µγ, the SM prediction is too small to be experimentally accesible,16 while
the experimental bound is many orders of magnitude above.21 This bound is ex-
pected to improve one order of magnitude during the current LHC era.22 The
Bjorken-Weinberg mechanism can make the two loops correction larger than the
one loop contribution.23 This effect is more pronounced in the higher mass region.
Here, we are mainly interested in relatively light new scalars from the 2HDM, where
the two-loops contribution is not too important, nevertheless we will consider it in
our numerical calculations. Also, as this decay has been measured with very good
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precision, we use the exact 2-loops expression given by24,25
M ' 1
16pi2
√2∑
φ
ΓφµτΓφττ
M2φ
(
log
M2φ
m2τ
− 3
2
)
+2
∑
φ,f
ΓφµτΓφff
NcQ
2
fα
pi
1
mτmf
Fφ
(
m2f
M2φ
)
−
∑
h0,H0
ΓφµτCφWW
gα
2pimτMW
[
3Fφ
(
M2W
m2φ
)
+
23
4
G
(
M2W
M2φ
)
+
3
4
H
(
M2W
M2φ
)
+M2φ
Fφ
(
M2W
M2φ
)
−G
(
M2W
M2φ
)
2M2W

 (16)
where φ = h0, H0, A0 and f = t, b . The loops integrals can be written as24
FA(z) = G(z) =
z
2
∫ 1
0
dx
1
x(1− x)− z log
[
x(1− x)
z
]
, (17)
Fh0,H0 =
z
2
∫ 1
0
dx
(1− 2x(1− x))
x(1− x)− z log
[
x(1− x)
z
]
, (18)
H(z) = −z
2
∫ 1
0
dx
1
x(1− x)− z
{
1− z
x(1− x)− z log
[
x(1− x)
z
]}
. (19)
In these expressions, only the 2-loop contributions coming from virtual t and b
quarks have been considered.
The couplings for the PA-2HDM are obtained from (3) and (15). In this model,
the couplings of gauge bosons with the scalars H0 and h0 are the same as in Ref.
[25]:
Ch0WW = sin(β − α), (20)
CH0WW = cos(β − α). (21)
The branching ratio for this decay is a function of the scalar masses, tanβ, the
angle α and the c′s parameters through the χ`2,τµ and χ
`
2,ττ couplings. In order to
test the V-Spin texture and compute our numerical estimations we have fixed α = 0
and set relatively light scalar masses; i. e. MH0 = 300 GeV and MA0 = 300. For
the light scalar h0, we have fixed its mass as 125.6 GeV. In Figure 3.1.1, we show
the allowed regions in the parameter space χ`2,τµ vs χ
`
2,ττ that are compatible with
the experimental upper bound of Br(τ → γµ) for different values of tanβ. Also, we
plot the restricted region that comes from the UC, that is, the restriction coming
from the expressions (12-15). As it can be seen in the graph, for small values of
|χ`2,ττ | the upper bound of χ`2,τµ is determined by the UC and the allowed region is
smaller than the one without V-Spin texture.
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Fig. 1. Alowed regions for χ`2,τµ and |χ`2,ττ | with masses mh = 125.6 GeV, MH0 = 300 GeV and
MA0 = 300 GeV and several values of tanβ. Constrictions come from the τ → γµ experimental
bound and from the UC hypothesis.
3.1.2. The channel τ → 3µ
In the SM, the τ → µµ+µ− decay is strongly suppressed because the main contri-
bution comes from higher order diagrams suppressed by a GIM-like mechanism.16
In order to estimate the NP contribution to this channel, we dismiss the SM con-
tribution and adopt the formalism of the Effective Lagrangians.26,27 In general, the
amplitude for this channel from scalar contributions can be written as
Leff ' CLLτµµµ (µ¯PLτ) (µ¯PLµ) + CRRτµµµ (µ¯PRτ) (µ¯PRµ)
+CLRτµµµ (µ¯PLτ) (µ¯PRµ) + C
RL
τµµµ (µ¯PRτ) (µ¯PLµ) (22)
where the Wilson coefficients are defined by
CQ1Q2τµµµ = −i
∑
φ
ΓQ1φτµΓ
Q2
φµµ
M2φ
(23)
with Q1 = L,R and Q2 = L,R and φ = h
0, H0, A0. The couplings obtained from
the Lagrangian (1) using the parametrization described in section 2 are
Γ
R(L)
h0`i`j
= +(−)i
[
cos(α− β)
v cosβ
δijm`i −
sinα√
2 cosβ
Y `2,ij(c
V , cV0 , c
V
3 )
]
(24)
Γ
R(L)
H0`i`j
= +(−)i
[
sin(α− β)
v cosβ
δijm`i +
cosα√
2 cosβ
Y `2,ij(c
V , cV0 , c
V
3 )
]
(25)
Γ
R(L)
A0`i`j
= −
[
tanβ
v cosβ
δijm`i −
1√
2 cosβ
Y `2,ij(c
V , cV0 , c
V
3 )
]
(26)
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where the matrices Y `2,ij are hermitian. Thus, the squared amplitude takes the fol-
lowing form
|M|2 = 4
[
1
4
(m223 − 2m2µ)(m2τ +m2µ −m223)F1 +mτmµ(m223 − 2m2µ)F2
+m2µ(−m223 +m2τ +m2µ)F3 + 2mτm3µF4
]
(27)
where m223 = (p2 + p3)
2 and p2,3 are the 4-momentum of the final muons. The
parameters Fi are in general
F1 = |CLLτµµµ|2 + |CLRτµµµ|2 + |CLRτµµµ|2 + |CRLτµµµ|2, (28)
F2 = Re
(
CRLτµµµC
LL∗
τµµµ + C
RR
τµµµC
LR∗
τµµµ
)
, (29)
F3 = Re
(
CLRτµµµC
LL∗
τµµµ + C
RR
τµµµC
RL∗
τµµµ
)
, (30)
F4 = Re
(
CRRτµµµC
LL∗
τµµµ + C
RL
τµµµC
LR∗
τµµµ
)
. (31)
With the amplitude (27), we have calculated the branching ratio of the τ → 3µ
channel. Figure 3.1.2 shows the experimentally allowed regions for this channel in
the parameter space χ`2,µµ vs χ
`
2,τµ. Also, we have set the theoretical restriction
coming from the UC. The region of parameters are consistent with similar analysis
in the context of the 2HDM-III.11
Fig. 2. Here, it is shown the allowed values for χ`2,τµ and |χ`2,µµ| for different values of tanβ and
masses Mh0 = 125.6 GeV, MH0 = 300 GeV and MA0 = 300 GeV. Also it is shown the UC coming
from the assumption of a common V-Spin texture. As we can see, for small values of |χ`2,µµ| the
main restriction on χ`2,τµ comes from the UC and there is a significant reduction of the allowed
region.
The interval for |χ`2,τµ| is determined by the upper bound for the branching
ratio. We have obtained a similar behavior to the case τ → γµ, where we notice
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that for small values of |χ`2,µµ| the UC is more important than the limit obtained
from the experimental measurement. Thus, the LFV contribution is suppressed by
the texture given by the expressions (12-15). Comparing the interval of values for
χ`2,τµ in Figure 3.1.1 and 3.1.2, we can see that the UC is more restrictive for the
channel τ → γµ than for τ → 3µ. Thus, in order to test the UC, the process τ → γµ
is more important.
3.1.3. The B0s → µ+µ− channel
This channel is a rare decay because in the SM it is helicity suppressed and it con-
tains FCNC.17,28 Since the observation of this decay29,30 and its compatibility with
the SM prediction,31 it has been used to test several models,32,33 from the 2HDM34
to Supersymmetry (See [35] and references therein) and also models with Spin 2
mediators36 and leptoquarks37 to mention some examples. A recent experimental
study for this decay can be seen in reference [38].
In general, the Wilson operators that contribute to leptonic decays of pseu-
doscalar mesons at low energies consider whether axial, vector, scalar and pseu-
doscalar operators.39 In a general 2HDM, the NP contributions to these decays are
only the axial and the pseudoscalar when we restrict ourselves to tree level.34 The
Wilson operators that parameterize such effects are
OqfqiA = (q¯fγµPLqi)
(
l¯Bγ
µγ5lA
)
,
O′qfqiA = (q¯fγµPRqi)
(
l¯Bγ
µγ5lA
)
,
OqfqiP = (q¯fPLqi)
(
l¯Bγ5lA
)
,
O′qfqiP = (q¯fPRqi)
(
l¯Bγ5lA
)
.
(32)
Thus, the effective Hamiltonian is given by
Heff = −G
2
FM
2
W
pi2
[C
qfqi
V O
qfqi
V + C
qfqi
A O
qfqi
A + C
qfqi
S O
qfqi
S + C
qfqi
P O
qfqi
P
+primed] +H.c..
(33)
The branching ratio for this decay is reduced to
Br[P 0q¯f ,qi → l+Al−B ] =
G4FM
4
W
32pi5
f(x2A, x
2
B)MP 0f
2
P 0(mlA +mlB )
2τP 0 [1− (xA − xB)2]∣∣∣∣∣∣
M2P 0
(
C
qfqi
P − C
′qfqi
p
)
(
mqf +mqi
)
(mlA +mlB )
−
(
C
qfqi
A − C
′qfqi
A
)∣∣∣∣∣∣
2
,
(34)
where f(xi, xj) is the kinematical function defined by
f(xi, xj) =
√
1− 2 (xi + xj) + (xi − xj)2, (35)
where xi =
mli
MP0
. The SM contributions to the branching ratio are contained in the
Wilson coefficient CA. The SM contribution for this channel has been calculated
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for the pseudoscalar meson B in [40–42]. In general, the axial contributions for a
pseudoscalar meson decay can be written as34
C
qfqi
A − C
′qfqi
A = −V ∗tqiVtqfY (
m2t
M2W
)− V ∗cqiVcqfY (
m2c
M2W
), (36)
where Vqkql are the CKM matrix elements and Y (x) = ηY Y0(x) is the widely known
Inami-Lim function,43 that includes the NLO QCD effects28 with ηY = 1.0113. The
NP tree level contribution is parameterized by the Wilson coefficients
CP − C ′P =
−i
m2A
ΓA0qiqfΓA0`A`B , (37)
where the couplings are given by (26) and
ΓA0qfqi =
i
2
[
−mi tanβδfi +
√
mqimqf√
2 cosβ
χ˜d2,qfqi
]
. (38)
As a result, we obtain the branching ratio as a function of the pseudoscalar mass
MA0 , tanβ, the mixing angle α and the parameters c
V , c0, cV3 .
3.1.4. B0s −B0s mixing
In the quark sector, the most important restriction to NP that generates FCNCs
comes from the mixing of pseudoscalar neutral mesons. Actually, the K0 − K¯0
highly restricts the contribution that might come from the interaction with the
first generation of quarks. In the case when there exist mixing only between second
and third generation, the only observable that might be deviated from the SM
prediction is ∆MB0s . In our previous work,
7 we have shown that it is possible to
find a bound on the non standard scalar contribution to this observable assuming
that the experimental measurement contains two terms of the form
∆Mq = ∆M
SM
q + ∆M
NP
q . (39)
where ∆MSMq is the SM prediction and ∆M
NP
q can be parameterized by
∆MNPq (µ) = |CNP|
M2Bqf
2
Bq
[mb(µ) +mq(µ)]
2σ(µ), (40)
where we have define σ(µ) = |− 524B2(µ)+ 124B3(µ)+ 124B4(µ)+ 112B5(µ)| and Bi(µ)
(for i = 2, 3, 4, 5) are the renormalized bag parameters at the scale µ (µ = mb).
44–46
The coefficient |CNP| is calculated at the low energy limit of the generic 2HDM and
it has the form
|CNP| = 1 + tan
2 β
2M2A
|Y˜ q2,ij |, (41)
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where Y˜ q2,ij is the corresponding Yukawa matrix element in the mass basis. Thus,
the upper bound for |χ˜d2,bq| is given by
|χ˜d2,bq| ≤
(
2M2A
1 + tan2 β
)
v(mb +mq)
2
√
mbmqM2Bqf
2
Bq
EBq
σ(mb)
, (42)
where we have defined the parameter
EBq = |∆MSM −∆MExp| −
√
δ2(∆MSM) + δ2(∆MExp). (43)
3.2. Numerical analysis
In order to find the combination of parameters that is compatible with the UC,
that is, the values of cV , cV0 and c
V
3 that render values for the branching ratios of
τ → γµ, τ → 3µ and B0s → µµ¯ restricted by the narrow window for NP given by
the restriction of ∆MB0s , we built level curves in the free parameters space with the
following choice of parameters:
• The lightest scalar h0 of the model was chosen as the Higgs boson of the
SM, that is, Mh0 = 125.6 GeV.
• We are interested only in scenarios with relatively light non standard neu-
tral scalars and pseudoscalars, thus we have set MA0 = 300 GeV and
MH0 = 300 GeV.
• The mixing angle was chosen as α = 0 without loss of generality.
• For the free parameters in the texture, the phase has been set as θV = 0
and the intervals for cV , cV0 and c
V
3 are determined by the phenomenology
of the 4 selected observables.
In Figure 3.2, we look for the region of parameters where UC bound is valid
using the 4 channels that contain NP contribution from the V-Spin texture. The
region given by τ → 3µ is wider than those from the rest of the processes, thus in
the following plot we concentrate our the attention to the region that come from the
bounds on ∆MB0s , BR(τ → γµ) and BR(B0s → µµ¯). The main result of this work
is reviewed in Figure 3.2, where we have plotted the experimental allowed region
described by the parameters cV , cV0 − cV3 and cV0 + cV3 . The left-hand side plots were
generated fixing cV0 +c
V
3 ' O(10−3) . As we can see from the plots on the right side,
the only place where there is a superposition of parameters is when cV0 −cV3 ' −1.2.
This region is very sensitive to the values of tanβ and in our analysis we found that
for tanβ & 80 the UC coming from the V-Spin cannot describe simultaneously the
updated experimental bounds for the three channels with the chosen scalar masses
in this analysis.
4. Conclusions
At this point, we want to review this work. We have used the V-Spin case of a
PA-2HDM model in order to describe possible FCNC and LFV at tree level as the
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Fig. 3. Here, we show the allowed regions of parameters of the transformation (4) that fulfills
the experimental bounds coming from the channels τ → γµ, τ → 3µ and B0s → µµ¯. Also, it is
included the restriction coming from the measurement of ∆MB0s
. The region for τ → 3µ is wider
and includes the other processes, thus we focus on the regions shown here. On the left, it is shown
the narrow region of values for cV0 −cV3 and cV for different values of tanβ with Mh0 = 125.6 GeV,
MH0 = 300 GeV and MA0 = 300 GeV. The sum of parameters was fixed as c
V
0 + c
V
3 = 10
−3. The
right-hand side plots were generated fixing (cV0 − cV3 ) ' −1.2. The area where the allowed region
are superposed gives the interval of values for cV , cV0 − cV3 and cV0 + cV3 where the UC is valid.
The region is sensitive to tanβ and it disappears at tanβ & 80.
result of the interchange of non-standard scalars. The V-Spin case gives a texture
for the second Yukawa matrix where only the second and the third generation of
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fermions are mixed. In consequence, only the channels τ → γµ, τ → 3µ in the
leptonic sector and B0s → µµ¯ with ∆MB0s for quarks might have effects of NP that
could be measured in current experiments.
Also, we have assumed that the texture for the second Yukawa matrix is uni-
versal, that is, that the same dimensionless parameters enter the quark and lepton
couplings, and the difference in mixings comes from the fermion mass hierarchy. This
assumption introduces a relation between the Yukawa matrix elements for different
sectors; we have called this relation the Universality Constraint. For this reason, the
phenomenological bounds in one sector impacts the predictions for other sectors. In
this work, we have used the Cheng and Sher parametrization of the Yukawa matrix
elements in order to facilitate a comparison with past analysis on the generic 2HDM
and to express the UC in the parameter spaces χ`2,µµ vs χ
`
2,τµ and χ
`
2,µµ vs χ
`
2,ττ .
This was shown in the figures 3.1.2 and 3.1.1. These regions were built with the
LFV processes τ → γµ and τ → 3µ respectively.
Under the universal texture scheme, the restrictive measurements of B-meson
decays require the suppression of LFV effects in τ → γµ and τ → 3µ. The allowed
regions were shown in Figures 3.1.1 and 3.1.2 where the superposition region is such
that for small values of χ`2,ττ and χ
`
2,µµ, the main restriction on χ
`
2,τµ comes from
the UC. For large values, the experimental bound is stronger for this parameter.
We have found a region in the parameter space where the UC is phenomeno-
logically viable, testing the universality hypothesis using the channels of Table 2.
This requires that the dimensionless parameters satisfy (cV0 − cV3 ) ∼ −1.2 and
(cV0 + c
V
3 ) ∼ O(10−3). The channel B0s → µµ¯ gives the stronger constraint, and
updates to experimental precision of this channel could challenge the UC. For rel-
atively light masses Mh0 = 125.6 GeV, MH0 = 300 GeV and MA0 = 300 GeV, the
allowed region disappear at values of tanβ & 80.
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